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FINAL REPORT 

I. 

. Suntracker Balloon Flights 

Flights 3033, 3034, 3035 and 3037 

INTRODUCTION 

A. General  

Flights 3033, 3034, 3035 and 3037 were  a planned s e r i e s  of four 

balloon flights conducted during July and August 1966, fo r  J e t  Propulsion 

Laboratory , California Institute of Technology , Pasadena , California, 

under subcontract 951539 to JPL. 

necessa ry  balloon flight se rv ices ,  including those required fo r  flight 

preparat ion,  functional verification of the flights and data acquisition 

sys tems,  tracking of the balloon aloft by a i rc raf t ,  and the recovery 

and r e tu rn  of equipment af ter  i t s  descent to the surface.  

s e rv i ces  were  included in this contract. 

supplies,  antennas and other equipment required for  the flights were  

supplied separately under purchase o rde r  BQ-384813. 

This contract  provides €or all 

Meteorological 

Balloons, helium, power 

B. Flight Objectives 

1. Launch and ascend to  an altitude of 80,000 feet  A4000 f t ,  

th ree  balloon sys tems with suntracker ,  so la r  cel ls  , and instrumentation 

mounted atop the balloon; with telemetry and other  instrumentation, and 

power supply mounted below the balloon. 

achieve a n  altitude of 120, 000 *6000 ft. 

Launch a s imi la r  sys tem to 
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2. Telemeter  altitude and solar dell data during ascent  and 

during a floating period of four hours ,  minimum. The floating period 

shall  commence before 11:OO CDT and shal l  be maintained until 1 5 : O O .  

3 .  Descend to surface level with balloon and payload intact. 

4. Deflate balloon automatically upon impact by fir ing a n  

explosive cord which opens the side of the helium filled balloon bubble 

fo r  the purpose of recovering the top-mounted suntracker  and so lar  

cel ls  with minimum damage. 

5. Recover and re turn  all equipment, except the balloon, to 

Lit t on. 

All major  objectives of this program were accomplished. The four 

flights attempted this year were successful in that each balloon reached 

its expected altitude, the suntrackers  and te lemetry system operated 

continuously throughout each flight and all equipment and solar  cel ls  

were  recovered without major  problems. 

tive year ly  program for  J e t  Propulsion Laborator ies  that achieved 

100% balloon success  (4 flights out of 4 attempts).  The state-of-the- 

a r t ,  as far as high precis ion so lar  cell  calibration is  concerned, was 

advanced when the final flight attained a float level of 120 ,000  ft 

permit t ing,  for  the f i r s t  time, a direct  comparison of solar  cell  out- 

puts obtained previously to data obtained at this higher altitude. 

This is the second consecu- 
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11. FLIGHT 3033 

A. Flight Preparat ions 

1. Pro iec t  Personnel  Assignments 

Litton personnel responsible for  preparations and flight operations 

on Flight 3033 were  a s  follows: 

Upper Air P rograms  Manager: R. 
Pro jec t  Engine e r : 

Flight Leader: C. 

R. 

Instrumentation: E. 
L. 

Launch M. 

Recovery J. 
D. 

Wood 

Conlon 

Wise 

Minnich 
Nelson 

Lueders 

Che seb r o 
Ha r shman 

2. Pre-Fl ight  Checkout 

Required r epa i r s  and preventive maintenance were  performed on 

all ground-station electronic support equipment. 

replacement of weak tubes,  the only repa i r  required was the trouble- 

shooting and subsequent replacement of a t ime -delay relay. 

in  the p r imary  te lemet ry  receiver  had failed on the final flight of the 

previous program. 

conditioned te lemet ry  van was outfitted to  house the equipment previously 

installed in a te lemet ry  bus. 

Other than the routine 

This re lay 

To improve ground-station reliability, an air - 

A solid-state voltage regulator was designed f o r  the purpose of 

eliminating suntracker  instability due to bat tery voltage decay. T racke r  

# 2  was tes ted to  determine i t s  current  vs .  voltage charac te r i s t ics  for  all 

dr ive  positions and the resulting current  requirements used fo r  the 
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regulator design. 

silicon t rans is tors  in a Darlington configuration. 

t rans is tor  is controlled with a 22-v Zener regulator diode. 

r e s i s to r ,  noise f i l ter  capacitor,  and output decoupling capacitor 

complete the circuit .  

Components were  obtained fo r  two regulators.  

installed on the chassis  of t racker  #2,  bench checked, environmentally 

checked, and then tested with the unit in the sun. 

properly and was stable over a supply voltage range of 22 to 32 v. 

The s e r i e s  regulator c i rcui t  consis ts  of two N P N  

The base of the drive 

A bias 

A schematic of the regulator is shown in  Fig. 1. 

One unit was built,  

The unit operated 

Inquiries were  made to a number of manufacturers of stepping 

switches suitable f o r  use a s  a replacement for  the 24-position Oak 

solenoid stepper used in electronic box # l .  

units with improved character is t ics  and many have equivalent units, 

but del ivery schedules ranged from two to six months which was un- 

acceptable fo r  use on this project. 

ship a replacement switch in t ime for the first flight. 

however, a r r i v e  on schedule so the original stepper was flown on this 

flight. 

Some companies offered 

Oak, on the other hand, offered to  

The unit did not, 

0 

The on-board voltage reference output c i rcui t  was revised f r o m  20 mv 

to 100 mv, full scale output, and adjusted for  the des i red  voltage ratios.  

A Leeds and Northrup model K3 voltage potentiometer and a newly C a l i -  

b ra ted  Eppley standard cell  were  used for  final calibration. 

cel l  was  checked and updated using a voltage source direct ly  t raceable  to 

the National Bureau of Standards. Final calibration of the reference 

sys tem placed the full-scale reference voltage within 6 kv of the des i red  

100-mv setting. 

where the actual reading was 0.1270 below the nominal value. 

containing actual voltages and frequencies obtained in  final calibration i s  

given i n  Appendix page A-5. 

bra ted  using a resis tance decade to simulate temperature  levels of 0 ,  20 

and 40 C. 

The standard 

Largest  percentage e r r o r  occurred at the 25-mv setting, 

A char t  

0 

P r i m a r y  temperature  channels were  C a l i -  

Secondary temperature  c i rcui t ry  was checked; the commutator 
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40250 

t 2 2  v Regulated 
to Tracke r  

Fig. 1. Schematic of Suntracker Voltage Regulator 
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was cleaned, and the output frequencies monitored and found nominal. 

Modulation voltage levels f rom the data subca r r i e r ,  t empera ture  sub- 

c a r r i e r s ,  and on-sun sensor  were  checked and found nominal. 

As a final sys tem check, the entire top-mounted payload was 

attached to the tracker-mounting disc and the balloon top end fitting. 

Actual balloon and parachute cables were  connected and the sys tem put 

in  operation while i n  the sun. System performance was perfect with no 

sign of noise o r  instability. 

B. Field Operation 

1. Launch 

Prepara t ion  began at 0600 CDT on 29 July 1966, with the- auxiliary 

ba t te ry  attachment,  hea te r  and regulator turn-on, and the warm-up of the 

te lemet ry  van gear .  

balloon layout and increased to  5 mph by launch time. 

tion and instrumentation checkout proceeded without incident through 

the inflation period. 

m e t r y  system now atop the balloonwas found, but this did not delay launch 

significantly. 

bubble downwind dynamic launch technique with the lower payload mounted 

on the front of the launch vehicle. 

Wind velocity was NNE at 2 mph at the start of the 

Launch prepara-  

A discrepancy i n  the secondary temperature  tele- 

The sys tem was successfully launched at 08:58 using the 

2. Tracking and Recovery 

Flight 3033 ascended on a southeasterly course to  a point over 

Martel l ,  Wisconsin, a t  10:36 CDT, the beginning of the float period. 

During float,  the system moved west-southwest until reaching a point near  

Cleveland, Minnesota at the initiation of descent. The deflating balloon 

moved southeast  during sys tem descent to an  impact point 2 mi l e s  SW of 

Geneva, Minnesota. The tracking a i r c ra f t  observed the touch-down in  an 
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open pasture and could see  that the impact switches did not immediately 

actuate the balloon destruct  device. 

the system remained upright for  several  moments until the lower payload 

moved a few feet and the destruct  was actuated. 

actually have resulted in grea te r  t racker  damage than normal because the 

top-mounted equipment was dropped abruptly to the ground as the bubble 

deflated. 

landed on the roadbed on Interstate Highway 35 under construction at the 

edge of the pasture.  

re turned to  Minneapolis that  evening. 

Ground winds were  near ly  calm and 

The lack of wind m a y  

After guiding the recovery t ruck to the location, the 'a i rcraf t  

The crew ass i s ted  the recovery personnel and all 

C. Flight Results 

1. Balloon 

The balloon used on this flight was s imi la r  i n  diameter  and c a r r i e d  

the same  model number as those used on this program in  previous years .  

However, the length and volume were increased  slightly, compared to  the 

previous design, in  o rde r  to achieve a slightly higher altitude; see  the 

revised operational specification sheet included a s  Appendix page A-1 

to this report .  

y e a r ' s  (see Fig.  2) .  

The flight system configuration was identical to last 

'Using 8% f r ee  l i f t ,  the average ra te  of r i s e  was 797 fmp (feet per  

minute) to a n  average float altitude of 78 ,500  feet. 

constant within 1000 feet  throughout the float period. 

recorded altitude was 79,000 feet .  

and the sys tem remained above 76,000 feet  for  a period of four hours  and 

42 minutes.  

The altitude remained 

The maximum 

The float period began at 10:36 CDT 
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6 
4- Suntracker and 

Solar Cells 
ctronics Boxes #1 and #2  

f t  Plywood Disc 

77 - 1 - 2 Balloon 
DRS- 803 

Safety Swir ch 

28  f t  Parachute  

T e 1 erne t r y Antenna 
a 

Switch Panel  
F M  Transmi t te r  
Stepping Switch Drive 
Voltage Regulators 

Balloon Valve T imer  
Altitude Coder 
Altitude Beacon Transmi t te r  
Barograph 

Main Bat tery 

Bea.con Antenna 

Fig.  2. Balloon Flight Configuration 
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2. Instrumentation 

The suntracker ,  data cycling switch, t e lemet ry  t ransmi t te r ,  

reference c i rcu i t ry  and other pr imary  components of the system 

voltage 

all 

performed flawlessly throughout the flight. 

uncovered during inflation. 

failed to s t a r t  cycling a f te r  power w a s  switched f rom auxiliary to  

p r i m a r y  battery. Consequently, only one secondary temperature ,  

the bottom of the t r acke r  mounting plate temperature ,  was monitored 

throughout the flight. 

t u re s  were  completely normal  f rom the known stability of the te le-  

me te red  on-board calibration voltages. 

data obtained on this flight are found in  the Appendix page A-6.  

A minor  discrepancy was 

The secondary tempera ture  commutator 

It can be concluded that the remaining tempera-  

The secondary temperature  

I A more  annoying discrepancy began during system ascent  and con- 

tinued throughout the float period. 

s eve ra l  solar  cell  output channels exhibited noise o r  interference.  

About four channels among the f i r s t  group of so la r  cel l  outputs were  

affected. 

MHz beacon t ransmi t te r .  Keying the t ransmi t te r  off caused an apparent 

shift i n  output on the four affected channels; all other data positions (20) 

were  perfectly stable. 

l e s s  than a 2-ma peak variation. 

puts was also affected but because the electronic counter averages the 

instantaneous readings over a one-second period, the amount of e r r o r  

was l e s s  than one percent.  

readout the data analyst  m a y  be able to  eliminate these e r r o r s  com- 

pletely. 

The analog recorder  revealed that 
I 

I The interference could be correlated with keying of the 1. 746 
I 

The amplitide of the shift was variable but always 

The digital recording of the cell  out- 

By careful interpretation of the digital 

The suntracker  (unit #2,  a s  flown on all flights i n  1965) was damaged 

extensively. 

main  shaft were  bent, the on-sun sensor  broken and three  l imit  switches 

smashed.  

Although the cells were not damaged, the mounting plate and 
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111. FLIGHT 3 0 3 4  

A. Flight Preparat ions 

1 .  Pro jec t  Personnel  Assignments 

(same as Flight 3 0 3 3 )  

2. Pre-Fl ight  Checkout 

Suntracker #1 (last  used on all 1 9 6 4  flights) was se t  up, the voltage 

regulator c i rcu i t ry  installed and the unit checked out by an on-sun t e s t  

fo r  u s e  on this flight, The on-sun tes t  of the t r acke r  alone was sa t i s -  

factory,  but on a l a t e r  complete system check the t r acke r  performed 

i r rad ica l ly  and voltage regulation w a s  not maintained. 

the other regulator did not cure  the instability. 

localized with an oscilloscope revealing a high-frequency oscillation 

on the power input l ine following the regulator.  A f i l ter  capacitor a t  

the regulator output eliminated the problem. 

shooting, a wiring difference was discovered between the two units. 

T r a c k e r  # 1  acquisition circui ts  was re-wired to  conform to unit # 2 ' s  

improved c i rcu i t ry  and the system was rechecked in  the sun. 

Substitution of 
. I  

The problem was 

During this trouble- 

Troubleshooting the ent i re  te lemetry system failed to reveal a 

positive cause of the interference found on the previous flight. Since 

the interference was noticed in conjunction with keying of the beacon 

t r ansmi t t e r ,  the effect of keying transients o r  radio-frequency pickup 

by the long balloon cable was  suspected. A l a rge  amplitude inductive 

t rans ien t  was in  fact  found when viewing the keying relay coil voltage 

with a n  oscilloscope. The inductive kick was eliminated with a diode 

instal led a c r o s s  the re lay  coil. Radio frequency t ransmission on the 

balloon power cable was diminished by isolating the beacon t ransmi t te r  

by installing R F  chokes in  the positive and negative power leads at the 

t r ansmi t t e r  I s  input. 

.- 
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Final calibration of the reference voltages showed them to be 

essentially the same as when checked before Flight 3033. 

variation f r o m  the des i red  voltage level was only 36 pv  at the 25-mv 

level. 

readings than on the previous flight; see Appendix page A-5. The on- 

sun circui t  modulation levels and secondary temperature  c i rcui t  were  

The maximum 

All other calibration points were  actually c loser  t o  the ideal 
I 

I tes ted and found not to have changed f rom the previous f l ight .  Although 

the secondary temperature  commutator had failed to  start when power 

was applied during the l a s t  flight, it was now operating properly.  

recur rence  of the stoppage will be prevented by changing the checkout 

procedure slightly on this and al l  future flights. 

has  considerable r e se rve  power, it will be permanently connected to the 

A 

Since the battery pack 

, sys tem before balloon inflation. This will enable us  to  manually s t a r t  

the commutator ,  i f  required,  in the future.  

B. Field Operation 

1. Launch 

Launch preparations for  Flight 3034 began on schedule on 4 August 

Balloon layout began at 07:OO CDT with wind velocity of 6 to 8 1966. 

mi l e s  pe r  hour.  

encountered on the l a s t  flight, radio-frequency interference (RFI) 
testing was conducted with the entire sys tem layed out and operating, 

including the 270-ft long beacon antenna. Various conditions of antenna 

angle and mismatch were  t r ied but the problem a s  seen on the previous 

flight could not be induced. 

ditions varying f rom 6 to  12 mph. 

good except that  surface winds were expected to be only marginally 

acceptable. 

actually reaching 15 mph. 

but suffered no apparent damage. 

Because of the interference in the te lemetry sys tem 

At 08:00, inflation began under wind con- 

Predicted launch conditions were  

Wind velocities were  higher than forecas t  with gusts 

The balloon bubble was  buffeted considerably 

Inflation and final checkout were  
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conducted as rapidly as possible to minimize wind-caused s t r e s s  on the 

bubble. The 

launch truck traveled about 100 f t  past the bubble position to accomplish 

a ve ry  smooth payload release.  

Launch was accomplished a t  08:29, i n  8 to 10  mph winds. 

I 2. Tracking and Recovery 

The system ascended on a SSE course to reach flow equilibrium 

above a point 4 mi les  west  of Red Wing, Minnesota, a t  10:18 CDT. The 

f loat  winds moved the system west above Belle Plaine,  Minnesota, at 

15:OO when descent began. Descent direction was generally ESE to a 
touchdown 3 miles  south of Kenyon, Minnesota, at 17:21. Impact 

position was 62 miles  south of the launch site.  The two-man ground 

recovery  crew was able to  recover  and re turn  all equipment with no 

unusual problems. 
~ 

C. Flight Results 

1. Balloon 

The balloon design and mater ia l  were  identical to  that used on the 

previous flight. 

Maximum altitude recorded was 79,400 feet at 10:40 CDT. At 12:10, 

a slow descent was f i r s t  noted; by 12:42, the sys tem had descended to 

76, 000 ft. 

descent  dropped to 60 fpm between 69,000 and 66,500 f t  for  the r e -  

maining hour of the normal  float period. 

f t  leve l  was 2 - 1 / 2  hours;  the mean altitude during the total float period 

Using 87' f r ee  lift the average ra te  of r i s e  was 727 fpm. 

This altitude loss  continued until 14:00, when the ra te  of 

Total t ime above the 76,000 

was  approximately 76,300 f t .  
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The exact reason f o r  the loss  of float altitude experienced on this 

flight i s  unknown. 

of this reaction; helium temperature  variation o r  d i rec t  helium loss. 

A temperature  change can be caused by a variation of the radiant heat  

flux reaching the balloon f rom below. This radiation would va ry  with 

the t ime of day, but changes i n  the ear th ' s  surface color o r  cloud cover 

below the balloon would be more  significant. 

increase  due to increased  ear th  radiation would cause a balloon to  

ascend i f  it was below its ceiling altitude o r  to valve-off helium i f  it was 

floating at ceiling. Conversely, a drop in  radiant energy ' f rom below 

the balloon will cause the helium to lose l i f t  and the sys tem to descend. 

In the past ,  up and down movements of a floating balloon have been co r -  

re la ted with such things as cloud cover and surface color.  

There  a r e ,  however, two generally accepted causes  

I 

A helium temperature  

". 

On this flight, 
I 
I 
I 
I 

the movement was always downward with no recovery.  The descent 

experienced he re  can be roughly correlated with cloud cover and surface 

conditions, but the magnitude of the decrease  was much grea te r  than 

would normally be expected. This descent could a l so  be caused by  a 
small leak. 

beyond their  yield dimensions while the balloon is  restrained by the 

launch platform under high velocity wind conditions. 

later develop at these s t re tch  points. 

descend ve ry  slowly at f i r s t  and then accelerate .  

remained at near ly  a constant altitude for  about 2 hours ,  descended for  

1-1 /2  hours ,  and then remained at  a fa i r ly  constant altitude again fo r  

1 hour ,  neither of the two theories,  alone, can satisfactorily explain the 

flight profile. 

radiation and a helium leak combined to cause the considerable altitude 

l o s s  of this flight. 

I 
I Small sections of the balloon mater ia l  a r e  easi ly  s t r e s sed  

Small holes can 
I 

Normally, a leaking balloon will 

Since this balloon 

The only possible conclusion i s  that both variations i n  
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2.  Instrumentation 

On this flight, the secondary temperature  commutator operated 

properly,  a s  did the suntracker ,  data cycling switch, and a l l  other 

electronic components of the reference and te lemet ry  system. 

the precautions taken to prevent the interference found on the last 

flight, it appeared again on a few data channels, Fortunately,  the 

magnitude of the interference was less than previously and correspond- 

ingly affected the printed digital readout to only a small  degree.  

Secondary tempera tures  telemetered, and gondola tempera ture  r e -  

corded were  completely normal on this flight. 

voltages were  exceptionally stable and, in fact ,  were  within plus o r  

minus one count, o r  be t te r ,  of the nominal calibration frequency on all 

channels throughout the ent i re  flight. 

Despite 

The te lemetered reference 

The suntracker  was again severely damaged on impact. Unit #1 

had seve ra l  bolts sheared on the vertical  support brackets ,  the main 

elevation dr ive shaft and the solar  cell mounting plate were  bent, and 

seve ra l  limit switches and actuators were  crushed. 

mounting disc  was completely smashed. Fortunately,  the solar  cel ls  

themselves  suffered no apparent damage. 

The plywood 
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I 

IV. FLIGHT 3035 

A. Flight Preparat ions 

1. Projec t  Personnel  Assignments 

( same a s  Flight 3033) 

2. Pre-Fl ight  Checkout 

Because of the interference present on some data channels on both 

preceding flights, J e t  Propulsion Laboratories issued a "Technical 

Direction Memorandum'' listing five s teps  to be taken in a special  

effort to eliminate the problem. The directive l isted the following 

Check-new "T" cable against old cable for  pin 
connections an inte r c  onnections. 

Check for  voltage spikes on the d-c  power l ines at 
the suntracker with the baro- t ransmit ter  on. 

Check grounds and common signal re turns .  

Check harmonic content of 1.746 MHz baro-  
t ransmi t te r .  If bad, repair  o r  replace t ransmi t te r .  

Install p re s su re  switch to turn off beacon above 
75,000 f t  and a motor-operated cam to allow only 
one minute i n  ten minutes of baro-coder  information. 

A resis is tance check of the new "T" cable and an older cable 

demonstrated that the new cable was wired according to print. 

the old cable was wired to operate properly,  a discrepancy was located. 

An improper  interconnection between the so la r  cell  common and the 

e lec t ronics  common was found. 

grounds so  that the low level solar  cel l  outputs will not be affected by 

Although 

The original design cal ls  out separate  

- 1 5  - 



any variation i n  cur ren t  required by the electronics c i rcui t ry .  

the data and reference channels have been exceptionally stable on both 

preceding flights using the new cable (except those channels affected 

by system noise),  no change was made in the cabling. 

Since 

- 1  

An oscilloscope was used to check all power leads at the top end of 

the balloon cable €or voltage transients o r  noise. 

the power leads to  the data stepping switch. 

with those supplying power to the baro- t ransmit ter  and the noise could 

be correlated with the keying of this t ransmi t te r .  The noise was seen 

only when the t ransmi t te r  power was off and i t  was t raced  direct ly  to 

the altitude code drum drive motor ,  This drive motor r a n  continuously 

but induced brush noise on the power line only when the t ransmi t te r  was 

off. During t ransmi t te r  on t ime,  the noise was swamped out o r  f i l tered 

by the t ransmi t te r .  This motor was replaced by another type having an 

internal  radio-noise f i l ter  which eliminated the interference.  

and low-impedance paths were  found f rom the solar-cel l  modules to  the 

suntracker  plate. 

t he rmis to r  supply voltage lead to the plate; a res is tance of 160, 000 

was measured  f r o m  the sky-brightness experiment module to the plate. 

In o r d e r  to eliminate possible ground loop cur ren ts  within this low-level 

c i rcu i t ry ,  these modules were  isolated with polyethylene tape and nylon 

screws .  

Noise was seen on 

These leads a r e  in paral le l  

Both high- 

A resis tance of only 15 was measured  f rom the 

The output waveform of the baro- t ransmit ter  was viewed with an 

oscilloscope to determine the amount of distortion. This t e s t  indicated 

that this  t ransmi t te r ’s  harmonic content was equal to o r  l e s s  than other 

t r ansmi t t e r s  of this type. The t ransmi t te r  was thus flown on this  flight 

without change. 

A motor-dr iven t imer  and a pressure  switch were  installed i n  the 

power lead of the baro- t ransmi t te r  so that the unit would be on con- 

tinuously below 75,000 f t  and be turned off above this altitude, except for  
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a one-minute on period every  ten minutes. 

would allow noise-free data recording over 90% of the time; the one- 

minute on t ime was required in order  to monitor float altitude and obtain 

a radio direction fix on the system, i f  necessary.  

The nine minutes off t ime 

The reference voltage check, modulation check, on sun sensitivity 

check, p r imary  and secondary temperatures  check, and te lemetry 

t ransmi t te r  check showed the system to be operating perfectly. 

brightness experiment was installed on the t racker  using two solar  cell  

output channels and the temperature  reference channel. 

on this experiment was calibrated with the p r imary  temperature  system 

in place of the standard reference res i s tor  previously flown. The sun- 

t r a c k e r  flown on the first flight had been repaired and an anti-backlash 

elevation drive gear  installed to improve tracking accuracy. 

on-sun checkout indicated proper  operation, but when the t racker  was 

installed for the system on-sun tes t  i t s  mechanical alignment was off 

center .  Suntracker alignment was rese t ,  the checkout repeated, and the 

sys tem was judged ready to fly. 

A sky 

A thermis tor  

I 

The initial 

B. Field Operation 

1. Launch 

Launch preparat ions for  Flight 3035 were  cancelled a t  06:30  CDT on 

10 August 1966, because of cloud cover and a forecast  of broken cloud 

cover  through the day. 

schedule. 

wind. 

a seve re  crack in  the plywood t racker  disc  which occurred a s  inflation 

began. 

F ina l  testing demonstrated that all components were  operating properly 

and that  the data was interference free.  

plished a t  08:53 in six to eight miles p e r  hour winds. 

On 12 August, launch preparations began on 

The sys tem layout began a t  0 7 ~ 1 5  with two mi les  pe r  hour 

The only problem encountered during pre  -launch preparation was 

The disc  was quickly taped and padded to prevent balloon damage. 

Launch was smoothly accom- 
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2. Tracking and Recovery 

The systems course was east-southeasterly until reaching float 

altitude at 10:35 CDT over Burkhardt, Wisconsin. At float, the system 

moved west over Minneapolis to a position near  Waverly, Minnesota, a t  

the initiation of descent. The track was ENE on descent to  impact  three 

mi les  S of St. F ranc i s ,  Minnesota, a t  17:20. The a i r c ra f t  observed the 

lower payload being dragged by the deflating balloon until i t  caught in 

nearby t r ees .  

water  but they were  able to  enlist  the help of the landowner with a high- 

axle t ruck to re t r ieve the equipment. 

equipment was returned to the plant that evening. 

The ground recovery crew found the si te surrounded by 

Equipment damage was nil and the 

C. Flight Results 

1. Balloon 

The balloon was identical to that used on the preceding two flights. 

The r a t e  of r i s e  averaged 795 fpm to achieve a float altitude of 79 ,000  f t .  

Maximum recorded altitude was 79,400 f t  and minimum altitude was 

77,700 f t  during the normal  floating period. 

7 6 , 0 0 0  ft for a period of 4-1 /2  hours. 

The balloon remained above 

2. Instrumentation 

All components of the tracking-telemetering sys tem performed 

f lawlessly throughout the flight. 

the received data was ve ry  stable and clean. 

fe rence-  -even when the baro- t ransmit ter  was operating- -during the 

floating period. 

plus o r  minus one count( 

during the ent i re  float duration. 

this  flight was the bes t  of the ser ies  t o  date. 

There were  no minor  discrepancies;  

There was no in te r -  

All te lemetered reference voltages were  again within 

0. 170) of the nominal calibration frequency 

Considering all aspects  of the operation, 

- 18 - 



V. FLIGHT 3037 

A. Flight Preparat ion 

1. P ro jec t  Personnel  Assignments 

(Same responsibilities as Flight 3035, except L. Nelson ass i s ted  

in ground recovery.  ) 

2. Pre-Fl ight  Checkout 

Suntracker #1 was se t  up and checked out for  use on this 120,000-ft 

flight. During final checkout, an intermittent limit switch was located 

and replaced; a lock-up condition was eliminated by narrowing the slot 

of the acquisition so la r  sensor  window. 

In o rde r  to  accurately monitor flight altitude at the height expected 

on this  flight, a different sensor  was required.  

altitude t ransmi t te r  was selected because i t  u ses  an  ionization chamber 

to  sense  pressure jdens i ty  and is capable of high resolution at extreme 

alt i tudes.  

f t  are  readable using this unit. 

motor-dr iven code d rum for low-altitude use.  

identical  to  the one used on the l a s t  flight; the t ransient  suppressed 

keying re lay  and the line mounted RF chokes were  also used. The B-58 

contains an internal  cycle switch and was wired to provide a t ransmi t te r  

off t ime of 20 sec  (seconds) eve ry  80 sec  throughout the flight. 

A Litton model B-58 

Variations in  pressure-alt i tude as small a s  100 f t  at 120, 000 

This t ransmi t te r  features  a standard 

The motor used is 

B. Field Operation 

1. Launch 

This  launch was cancelled on 25 August due to  poor weather, but it 

was  rescheduled fo r  the following day, Preparat ions began a t  05:OO CDT 
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on 26 August with calm winds and a c l ea r  sky. Inflation was s tar ted at 
07:20 and the t r acke r  assembly  was lifted into i t s  flight position on this  

l a rge r  balloon very  smoothly. 

the uppermost descent gasport  which was 30 f t  f r o m  the ground was taped 

shut. 

f r o m  damage when in  the shipping box and were  not seen before inflation 

Inflation was  halted when i t  was noticed that 

The tape and packing were  used to protect the balloon mater ia l  

as they were  folded under the balloon. 

reach the door,  and i n  the meantime, a long pole was used to attempt to 

pull the tape and packing away. 

the tape and packing were  sufficiently pulled away with the pole. 

this effort ,  the wind velocity increased to rule out the use of the c rane  and 

to  great ly  increase  the effort required with the pole. 

pleted during the effort and launch w a s  completed without incident at 

08:25. 

load mounted on the front of the launch truck was used on this flight as 

on all previous launches of this se r ies .  The fact  that this balloon was 

l a r g e r  in  diameter  by a factor of nearly three  than previously used bal-  

loons presented no special  inflation o r  launch problems. 

A crane  was called i n  o rde r  to 

Fortunately, after a 45-minute effort ,  

During 

Inflation was com- 

The bubble downwind dynamic launch technique with the lower pay- 

2. Tracking and Recoverv 

The system drifted generally SW and was over Spring Valley, W i s -  

consin, when achieving float. Float winds returned the system to the 

northwest,  to the vicinity of North Branch, Minnesota, at 15:OO CDT; 

the beginning of sys tem descent. The system descended N and then at 

lower altitude drifted southeast to  impact i n  a pasture  eight miles N of 

Amery ,  Wisconsin, at 18:59. The balloon opened on impact and laid 

over  some t r e e s  suspending the suntracker assembly  about 20 ft in  the 

air. 

in  removing the balloon mater ia l  from the t r ees .  

rented to pull the balloon tapes  down and i n  that manner  most  of the 

balloon mater ia l  was removed from the t r ees .  

ment  re turned ea r ly  the following morning. 

The equipment was not damaged and the only recovery problem was 

A f a r m  t rac tor  was 

The crew and equip- 
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C. Flight Results 

1. Balloon 

This 200-ft diameter  balloon was designed to c a r r y  the same JPL 

payload to  a n  altitude of 120,000 f t  and to provide a sys tem descent 

ra te ,  using only one-way valves, sufficient to  bring the system down 

safely before sunset. 

tional specification sheet and the load-altitude curve on this design. 

This balloon was similar in s ize  to the f i r s t  attempted 120, 000-ft 

flight (2610, launched 8 November 1962) but featured a much improved 

apex design to prevent excess  balloon mater ia l  f rom coming near  the 

top mounted payload o r  into the field of view of the suntracker .  

top end fitting on this design was a 2 1  -inch plate hoop and ring assembly 

with the balloon gores  and load tapes overlapped around the hoop and 

taped back a distance of about 3 ft. 

See Appendix pages A-3 and A-4 for  the opera-  

The 

The resul t  was a heavily reinforced 

top section around and extending out f r o m  the 6-ft  d iameter  plywood 

mounting disc. During inflation and launch, there  was absolutely no 

billowing of mater ia l  o r  any top section deformaties whatsoever. 

Using 970 f r e e  l i f t ,  the average ra te  of r i s e  was  720 fpm to 93,500 
f t  where  a t imed 1% ballast  drop was made in o rde r  to maintain the 

ascent  ra te .  Following the drop, the ra te  increased to 810 fpm to 

102, 500 feet ,  then i t  slowed up somewhat above that level. 

ra te  of r i s e  was 720 feet  pe r  minute to  119,500 feet  achieved at 1 1 : l l  

CDT. 

above that altitude fo r  4 hours  and 21 minutes.  

f loat  altitude was only 2100 feet  throughout the floating period. 

The overall  

The sys tem penetrated the 114,000-ft level at 11:02 and remained 

The maximum variation i n  

Descent began at 15 :OO CDT when 3 six-inch gasports  were  opened by 

the t i m e r .  

eventually reached 1100 fpm f rom 40,000 ft to the surface.  

descent  ra te  was 493 fpm f r o m  117,800 f t  to  the surface.  

Initial descent ra te  was only 200 fpm, but it increased and 

The overall  
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2. Instrumentation 
~ ~ ~- 

The suntracker ,  stepping switch, F M  t ransmi t te r  and high-resolution .-  

altitude t ransmi t te r  performed properly throughout the flight. 

the numerous I1fixest1 on the data interference problem and the perfect 

resu l t s  obtained on Flight 3035, no trouble was anticipated on this 

flight. Unfortunately, as the balloon reached float altitude, data noise 

s imi la r  to that obtained on the f i r s t  two flights was observed and co r -  

related with the on-off keying of the B-58 altitude t ransmi t te r .  

the e a r l i e r  problem, however, the noise was apparent only a t  altitude 

and only on channels 19, 21 and 22. The interference was continuous 

a t  altitude except when the 20-second-off period of the B-58 occurred 

with the data switch on the affected three channels. 

After 

Unlike 

Another variation f rom the previous flight was a grea te r  variation 

in  calibration voltage frequencies. 

maximum of t6 hertz  during the float period; the shift in  the other 

re ferences  was proportionally less and the z e r o  shift was nil. 

centage wise,  the frequency drift  was smal l  ( less  than lo/,) and m a y  be 

compensated fo r  when reducing the data. The cause of the drift  w,as 

the high instrumentation temperatures  reached a t  the higher altitude 

as seen by the secondary temperature  te lemet ry  (see Appendix page A-9 

By the end of float the voltage controlled oscil lator compartment had 

reached a tempera ture  of +57 C, box #2 temperature  t54 C, and 

box #1 temperature  t67 C. 

not l a rge  and did no permanent damage, future high-altitude flights will 

requi re  a modification of the thermal  charac te r i s t ics  of the instrumen- 

tation containers. 

The 100-mv frequency shifted a 

P e r -  

Although the temperature  r i s e  e r r o r  was 
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VI. CONCLUSIONS AND RECOMMENDATIONS 

The three  77 f t  and the one 200 f t  d iameter  balloons flown this year  

performed successfully in  that each reached i t s  ceiling altitude, floated, 

and descended in  the expected manner. 

did not maintain the minimum floating altitude (76, 000 feet)  for  the total 

required period (11:OO to  1 5 : O O  CDT). 
deviation have been discussed in Section 111. C. To reduce the chance of 

One of the 77 f t  balloons, however, 

The probable reasons fo r  this 

this happening during future flights, two precautions can be taken. 

bet ter  meteorological information on predicted surface wind velocity will 

be sought to minimize the possibility of balloon damage during inflation 

and launch. 

in o r d e r  to  achieve a higher float altitude so that a l a r g e r  altitude drop 

can be tolerated before reaching the specified minimum. The volume of 

each of the three  smal l  balloons was increased  by 14,328 cubic feet this 

yea r  t o  increase  the float altitude. 

a l so  increased  offsetting the expected altitude advantage. 

F i r s t ,  

Second, fur ther  effort will be made to reduce sys tem weight 

Unfortunately, the bat tery pack weight 

The suntrackers  operated perfectly on all flights. The modifications 

made on the units during this  program resulted in  be t te r  performance 

over  a wide voltage range, and minor improvement in pointing accuracy 

because of a reduction i n  mechanical hys te res i s .  

that  prevented bat tery voltage variations f rom affecting t racker  sensitivity 

and stabil i ty has  been previously discussed (see Section 11. C). 

suffered severe  mechanical damage on surface impacts  this year.  

were  successfully made but mechanical tolerances in  the drive t ra ins  

a r e  building up to an  objectional level. Anti-backlash elevation drive 

g e a r s  were  installed midway through the flight schedule. They improved 

performance but not to a la rge  degree a s  most  of the f r e e  play was within 

the g e a r  t r a in  of the dr ive motors .  

d e s i r e d  on future programs,  it is recommended that new drive motors ,  

o r  a t  l ea s t  new gear  t ra ins  be installed. 
s l ip  clutches be installed on the elevation motor dr ive to  fur ther  reduce 

The regulator c i rcu i t ry  

The units 

Repairs  

If continued use  of the same units i s  

It i s  a l so  recommended that 
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backlash and minimize dr ive t r a in  damage on impact.  

would be glad to i ssue  a proposal to  JPL fo r  a completely redesigned, 

improved suntracker  f o r  use on future programs,  

If desired,  Litton 

Electr ical  interference within the airborne te lemet ry  system was a 
The cause of the in te r -  continuing problem on three  of the four flights. 

ference was determined to  be the baro- t ransmit ter ,  but the exact 

mechanisms that caused the interference to affect cer ta in  data channels 

on cer ta in  flights could not be explained. In o rde r  to  minimize and 

hopefully eliminate this interference in  the future,  severa l  steps a r e  

proposed. 

nated a beacon turn-off t imer  will be used as flown on Flight 3035.  In 

an  attempt to  reduce system weight and eliminate severa l  circuit  paths 

that we suspect a r e  conducting the noise, i t  i s  planned to  replace the 

wet cel l  bat tery pack with severa l  separate alkaline -magne sium d r y  

ba t te ry  packs. In this manner  the baro- t ransmit ter ,  stepping switch 

and t r acke r  can be completely isolated f rom the te lemet ry  electronics 

c i rcui t ry .  The alkaline d r y  cel ls  proposed feature  high cur ren t  drain,  

good low temperature  performance and comparatively low cost.  

Although the bat tery cost pe r  flight w i l l  increase  slightly, the weight 

saving will allow a 2000 f t  increase  in float altitude of the 77 f t  balloon 

in  addition to  the circui t  isolation. The initial cost  increase  should be 

offset by elimination of the labor time now used to  recharge and t e s t  the 

wet ce l l  bat tery between each flight. 

Until it i-s definitely established that the noise has  been el imi-  

Temperature  r i s e  of the top mounted electronic c i rcui ty  proved to 

be a problem on the 120, 000 f t  flight. 

reduce the amount of system drift  a much s impler  fix is contemplated. 

No change is  needed for  flights achieving l e s s  than 100,000 f t  altitude. 

Above that level a sun shield will be installed above- the electronics 

section but below the t r acke r  plate. By proper  design and coloring this 

shield would prevent sun radiation heating of the enclosed circui t ry  yet 

not in te r fe re  with o r  cause reflections on the suntracker .  

Although a circui t  redesign could 
' 
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Litton again looks forward  to another opportunity to sat isfy the 

demanding requirements of J e t  Propulsion Laboratory in the a r e a s  of 

high performance airborne mechanical and electronic sys tems and 

balloon operations. 
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APPENDIX 

Flight Data 

Balloon #77-1-2 

Ope rational Specifications 
Load vs. Altitude 

Balloon #SF199.78-100-NS-03 

Ope rational Specifications 
Load vs. Altitude 

Final  System Calibration 

Telemetered  Secondary Temperature  Data 

Flight 3033 
Flight 3034 
Flight 3035 
Flight 3 0 3 7 

Lower Payload Tempera ture  Prof i les  

Flight Time Altitude Prof i les  

Flight 3033 
Flight 3 034 
Fl ight  3 03 5 
Flight 3 03 7 

A- 1 
A- 2 

A-3 
A-4 

A- 5 

A-6 
A- 7 
A- 8 
A-9 

A-10 

A-11 
A-12 
A-13 
A- 14 



Ope rational Specification Sheet 
(for 77-1-2 balloon) 

Fabr i c  P a r a m e t e r  (c) - - - - - - - - - - - - - - - - 0. 05 

Mater ia l  (Balloon Wall and Duct) - - - - - - - - - - 

Volume (Theoretical)  - - - - - - - - - - - - - - - - 
Surface Area (Estimated) - - - - - - - - - - - - - - 

1. 5 mil Polyethylene 

189,113 ft3 

15,996 ft2 

Deflated Length (Gore Length) - - - - - - - - - - - 113. 5 ft  

LO - DU c‘t 

Hi - Duct 35 f t  6 in. f rom top apex 

40 f t  f rom base 
Location of Duct - - - - - 10 sq ft  each 

Es t imated  Balloon Weight - - - - - - - - - - - - - 

Engineering Specification Sheet - - - - - - - - - - 

D R S - - - - - - - - - - - - - - - - - - - - - - - - -  

Load Altitude Curve - - - - - - - - - - - - - - - - 

20 in. layflat x 3 mi l  
x 75 f t  long 

20 ft f r o m  top apex, 233399 

Prima Cord 

One located 34 f t  6 in. 
f r o m  top apex 

185 lb (incl. 25 lb of cable) 

234654 

803 

233521 

A- 1 
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Ope ration Specification Sheet 
(for SF-199.78-100-NS-03 balloon) 

Fabr ic  Pa rame te r  (E) - - - - - - - - - - - - - - - - 0,40 

Payload (Design) - - - - - - - - - - - - - - - - - - 245 lb to 120,000 f t  

Material  (Balloon W a l l  and Duct) - - - - - - - - - - 

Volume (Theoretical)  - - - - - - - - - - - - - - - - 

1. 0 mil S. F. Polyethylene 

2, 940,000 ft3 

Surface Area (Estimated) - - - - - - - - - - - - - - Not available 

Deflated Length (Gore Length) - - - - - - - - - - - 271 f t  

Lo-Duct (2) 

Hi - Duct 

100  f t  f rom base 

235 f t  f rom base 
Location of Duct - - - - - 25 sq f t  each 

Inflation Attachment - - - - - - - - - - - - - - - - 30 f t  f rom top apex 

Est imated Balloon Weight - - - - - - - - - - - - - 

Engineering Specification Sheet - - - - - - - - - - 

755 lb (incl. cable) 

CO 1326 

Load Altitude Curve - - - - - - - - - - - - - - - - 100381 

A- 3 
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P 2 3 , O O O  

122,000 

121,000 

B 2 0 , O O O  

L13,OOO 

Gross  Wt vs. Altitude 

Model SF 199. %8-100-NS-03 
Nominal balloon wt 772 lbs  

800 1000 1200 1400 P 600 1800 
Gross  Airborne Wt-Lbs 
(includes wt of balloon) 
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Telemetered Secondary Temperature Data; Flight 3033, 29 July 1966 

Time 
From 

Temperatures (in degrees C )  - 
Box #1 Tracker Box #2 Launch v. c. 0. Disc 

L-1/2 hr t46 t17 4-27 t19 t26 
L (08:58 CDT) 22 

Ltl 1 
Ltl-1/2 4 

Lt1/2 17 

Lt2 17 
Lt2-1/2 24 
Lt3 30 
L+3-1/2 31 
Lt4 36 
Lt4-1/2 36 
Lt5 36 
Lt5-1/2 35 
Lt6 36 
Lt 6-  1 / 2 31 

Lt7 8 
Lt7-1/2 -14 
Lt8 - 1  
Lt8-1/4 t 6  

A- 6 



Telemetered Secondary Temperature Data; Flight 3034, 4 August 1966 

Time 
From 

Temperatures (in degrees C) 

Box #2 - Launch v. c. 0. Disc Box #1 Tracker 

L-1/2 hr 
L (08:29 CDT) 
Lt1/2 
Lt1 
Lt 1 - 1 /2 
Lt2 
Lt2-1/2 
Lt3 
Lt3-1/2 
Lt4 
Lt4-1/2 
Lt5 
Lt5-1/2 
Lt6 
Lt6-1/2 
Lt7 
Lt7-1/2 
Lt8 
Lt8-1/2 

t47 

49 
49 
47 
47 
46 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
46 
46 
t46 

t21 

19 
- 7  
-35 
-17 

1 
11 
14 
12 
10 
13 
5 

- 2  
- 2  
3 

- 8  
-27 
-21 
t 8  

t36 
36 
41 
29 
21 
22 
32 

39 
45 
45 
45 
47 
47 
48 
44 
41 
33 
27 

$29 

t21 
22 

19 
0 
0 
8 
19 
24 
28 
28 

29 
29 
29 
26 
22 

19 
1 

-11 
t 8  

+30 
34 
33 
26 
22 
22 
26 
26 
29 
30 
33 
36 
34 
32 
32 
31 
26 
22 

+22 
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Telemetered Secondary Temperature Data; Flight 3035, 12 August 1966 

Time Temperatures  (in degrees  C) 
F r o m  
Launch v. c. 0. Disc Box #1 Tracker  Box# 2 

L-1/2 h r  +46 +15 t 3 6  t 1 7  t 2 9  
L (08:53 CDT) 47 15 41 18 31 

L t 1 / 2  47 -2 1 39 14 30 

L t 1  47 -27 29 - 1  25 

L t l - 1 / 2  47 -1 6 21 2 21 

Lt2 47 3 25 13 24 

L t2 -1 /2  47 4 31 14 26  
L t 3  47 5 34 24 30 

L t3 -1 /2  47 3 42 27 28 

L t 4  47 6 45 27 28 

L t4 -1 /2  47 9 47 29  30 

L t 5  47 8 47 30 32 

L t5 -1 /2  48 7 44 31 36 

L t 6  48 8 44 32 36 
L t6 -1 /2  48 - 1 2  42 26  36 

L t 7  47 -28 40 10 30 

L t 7 - 1 / 2  46 -3 1 28 -15 24 

Lt8  +46 + 1  t 2 7  0 t 2 2  
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Telemetered Secondary Temperature Data; Flight 3037, 26 August 1966 

Time Temperatures  (in degrees  C) 
F r o m  
Launch v. c. 0. Disc Box #1 Tracker  Box #2 - 
L-1/2 h r  

L (08:25 CDT) 
Lt1/2 
Lt1 
Lt 1 - 1 / 2 
Lt2 
Lt2-1/2 
Lt3 
Lt3-1/2 
Lt4 
Lt4-1/2 
L+ 5 
Lt5-1/2 
Lt6 
Lt6-1/2 
Lt7 
Lt7 -1 / 2 
Lt8 
Lt8-1/2 
Lt9 
Lt9-1/2 
Lt10 
Lt 10- 1 /2 

t46 
47 
46 
45 
46 
46 
47 
47 
48 
49 
50 
52 
54 
55 
57 
56 
54 
52 
49 
47 
47 
45 
t45 

t16 
19 
-14 
-28 
- 3  
18 
29 
45 
50 
55 
57 
60 
60 
57 
57 
37 
31 
27 
19 
2 

-28 
-39 
t18 

t37 

39 
36 
23 

18 
20 
26 
36 
41 
45 
57 
60 
60 
65 
67 
65 
62 
55 
50 

47 
35 
21 

t21 

t18 

19 
13 
- 6  
- 6  
6 
17 
29 
36 
41 
44 
48 
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